The Pandanaceae in India are represented by three genera: Pandanus
Introduction
At global level, India shares 2.4% of the land area with about 7% -8% of total recorded species of the world, in which about 33% of the flowering plants are recorded as endemic [1] . The most obvious endemic areas within the country are the Western Ghats, Northwest Himalayas and Andaman and Nicobar Islands. Western Ghats and North East India are regarded as a high priority for conservation. Application of the IUCN Red List criteria, a widely recognized tool for identifying threatened species, offers a powerful method to identify priority sites for protection by providing information on the conservation status of species in the wild [2] . Western Ghats is one of the richest centres of endemism; it has 490 arborescent taxa, of which as many as 308 are endemic. About 1500 endemic dicotyledonous plant species and 245 orchid species recorded in which 112 species are endemic. Nearly 235 species of endemic flowering plants are considered endangered [3] . From whole Eastern Himalayas estimated 9000 plant species, in which 3500 (39%) are endemic and from Indian Himalayas, about 5800 plant species are recorded (2000 (36%) endemic) with about 55 flowering plants are rare [3] . Andaman and Nicobar islands are being the hotspot of biological diversity; over 2500 Angiosperm species were reported from these islands of which about 246 are endemic to the islands [4] .
The Pandanaceae in India are represented by three genera: Pandanus Parkinson (distributed in South and Northeast India and Andaman and Nicobar Islands), Benstonea Callm & Buerki (distributed in South and Northeast India) and Freycinetia Gaudich from Andaman and Nicobar Islands [5] . Callmander et al. [6] assessed Malagasy Pandanaceae for its conservation status based on application of the methodologies proposed by Schatz et al. [7] , Willis et al. [8] , a 3 × 3 km grid cell size and a 3 × 3 km grid incorporating field observations. From these four methods, they suggested that 3 × 3 km grid with field observations is the best method for evaluating Pandanaceae species. In the present report, Indian Pandanaceae species have been assessed for their biogeographic distribution and conservation status following the IUCN categories and criteria [9] using the methodology suggested by Callmander et al. [6] . Moreover, conservation measures for the threatened species have been suggested.
Materials and Methods

Survey and Identification of Pandanaceae
Genera and Species 
Assessment of Conservation Status
In order to assess conservation status of Indian Pandanus species, we conducted threat assessment exercise following IUCN Red List Categories and Criteria [9] during 2007-2013. The IUCN status of the threatened species has been determined following the methodology suggested by Callmander et al. [6] . The details are as follows. Based on a survey, localities for respective species were identified, a grid of 3 × 3 km was placed, and the numbers of populations and subpopulations were determined. Based on this data, extent of occurrence (EOO, minimum convex polygon containing all points of occurrence) and area of occupancy (AOO, area estimated by superimposing a grid onto occurrence points and calculating the cumulative area of cells occupied by a species) were determined. The current situation for lived plants depends on habitat degradation and destruction of primary vegetation outside the protected areas and loss of primary vegetation within protected areas. For species habitat disturbance, the calculation of EOO and AOO were estimated and such species were evaluated based on direct field observations, indicating those known to be in continuing decline so that the Red List criteria can be applied.
Results and Discussion
A summary of the Indian Pandanaceae with respect to their biogeographic distribution and conservation status is presented below. [5] and coastal regions of Andaman and Nicobar Islands. Based on IUCN Red List criteria [9] we assigned this species under Least Concern (LC) category ( Table 1) .
Distribution and Conservation Status of
Pandanus kaida Kurz.
Pandanus kaida is abundantly distributed in open forests of Goa, Karnataka, Kerala and Tamil Nadu states of Southern India [5] . According to IUCN Red List categories and criteria [9] , we assigned this species under the Least Concern (LC) category ( Table 1) .
Pandanus furcatus Roxb.
Pandanus furcatus is predominantly grows in Maharashtra, Goa, Karnataka and Kerala states of Southern India. As per the IUCN Red List Categories and Criteria [9] , the species fall under the Least Concern (LC) category [5] ( Table 1) .
Pandanus unipapillatus Dennst.
Pandanus unipapillatus is endemic to Southern India. It is predominantly known in Western Ghats (Maharashtra, [10] . It is restricted to the type locality and, following the IUCN Red List Categories and Criteria [9] , the species is given a preliminary conservation assessment of Critically Endangered (CR 2ab [i,ii,iii,iv]) (Table 1, Figure 1(A) ). The locality is affected by shifting cultivation practices and is also used for the rearing of ducks for which plants are being removed. Hence, the species demands urgent need of conservation [10] .
Pandanus mangalorensis Nadaf & Zanan
Pandanus mangalorensis is endemic to type locality from the Karnataka state of Southern India. The type locality is influenced by industrial activities and road constructions, and thus urgently demands conservation [11] . According to IUCN Red List Categories and Criteria [9 Figure 1(D) ). 
Pandanus nepalensis
Pandanus diversus St. John.
Pandanus diversus is endemic to India [12] and is dis- [9] , we have assigned the status of Vulnerable (VU D2), and therefore the species is considered to be facing high risk of extinction [5] (Table 1, Figure 1(E) ).
Pandanus leram Jones.
Pandanus leram is distributed from the Andaman and Nicobar Islands. It is one of the dominant plant species in Andaman and Nicobar Islands. The single individual of the male species is cultivated in the Experimental Botanical Garden, Botanical Survey of India, Yercaud, Salem district, Tamil Nadu [5] . Based on IUCN Red List Categories and Criteria [9] we assigned this species under Least Concern (LC) category ( Figure 1(C) ). Figure 1(B) ).
Pandanus martinianus Nadaf & Zanan
Pandanus dubius Spreng.
Pandanus dubius is cultivated as an exotic species in gardens of Kerala and Karnataka. It is reported to be distributed from Andaman and Nicobar Islands to West Pacific and indigenous to most of Malanesia and Polynesia; aboriginal introduction to Micronesia [14] but we didn't locate this species in Andaman and Islands. Since it is an exotic species, its conservation status is not determined ( Table 1) .
Pandanus amaryllifolius Roxb.
Pandanus amaryllifolius is also an exotic species popularly cultivated in kitchen gardens in that states of Gujarat, Maharashtra, Goa, Karnataka, Kerala, Tamil Nadu, Orissa and West Bengal [15] for their fragrant leaves. It is originated in the region of the Moluccas Islands and has spread across the tropical region of Asia [16] . Then it widely distributed in different tropical Peninsular countries, including Sri Lanka, Thailand, Southern India, Malaysia, Indonesia, Singapore, Vietnam, New Guinea, Taiwan, and the Philippines [15] [16] [17] . The conservation status is not determined due to its exotic origin ( Table 1) .
Pandanus sanderi Sander
Pandanus sanderi is also an exotic species popularly cultivated in gardens for its variegated leaves. Its conservation status is also not determined ( Table 1 ).
Distribution and Conservation Status of
Freycinetia Species
Freycinetia rigidifolia Hemsley
Freycinetia rigidifolia is commonly grown as a climber in deep forests of Andaman and Nicobar Islands [18] . According to IUCN Red List Categories and Criteria [9] we assigned this species under Least Concern (LC) category ( Table 1 ).
Freycinetia sumatrana Hemsley
In India, Freycinetia sumatrana is distributed only in Andaman and Nicobar Islands [18] , found commonly growing in deep forests, as climber on large trees. According to IUCN Red List Categories and Criteria [9] we assigned this species under Least Concern (LC) category ( Table 1) . The summary of conservation status of Indian Pandanaceae is depicted in Based on this study, we recommend 6 threatened species to include in the IUCN Red List.
Conservation Measures for Threatened Species
The present detailed analysis is an important contribution towards identifying threatened Pandanaceae species. Further the study demands urgent steps to conserve these threatened Pandanaceae members to ensure their continued survival and sustenance. To conserve the threatened Pandanaceae species following measures are recommended: Improved protection efforts should be made and a landscape approach needs to be followed for conservation. In addition, in situ approach through establishment of protected area network with appropriate management practices, corridors to link fragments, restoration of degraded habitats within and outside protected areas can be attempted. Ex situ approach through collection of germpalsm and maintaining in botanical gardens, in vitro regeneration, deposition of DNA in DNA bank is also one of the measures to conserve the germplasm. In addition, reduction of biotic (anthropogenic) pressure by cultivating threatened species in other localities followed by regular population-habitat viability and risk assessment can be done. Establishment of species preservation plots, Increased Public Awareness through educational programs, incentive programs, and volunteer monitoring programs. As a part of ex situ conservation, the seedlings of threatened Pandanaceae members are maintained at the botanical garden of Department of Botany, University of Pune, Pune, India. The genetic resources play an important role in environmental protection, sustainable management, and conservation of biodiversity. Conservation of genetic resources not only prevents extinction of a species but also reduction of gene pool and loss of genes and genotypes [19] . From this view point, the study highlights the urgent conservation need for the threatened Indian Pandanaceae members.
